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Abstract
We study semileptonic B meson decays B → K1(1270)ℓ+ℓ− and K1(1400)ℓ+ℓ− (ℓ ≡ e, µ, τ),
where the strange P -wave mesons, K1(1270) and K1(1400), are the mixtures of the K1A and
K1B , which are the 1
3P1 and 1
1P1 states, respectively. We show that the ratio Rℓ ≡ B(B →
K1(1400)ℓ
+ℓ−)/B(B → K1(1270)ℓ+ℓ−), insensitive to new-physics parameters, is suitable for de-
termining the K1(1270)–K1(1400) mixing angle, θK1 . The forward-backward asymmetry shows
a weak θK1-dependence for B → K1(1270)µ+µ−, but relatively strong for B → K1(1400)µ+µ−.
We investigate model-independent new-physics corrections to operators relevant to the b→ sℓ+ℓ−
electroweak-penguin and weak-box diagrams. Furthermore, for the B → K1(1270)µ+µ− decay the
position of the forward-backward asymmetry zero, which is almost independent of the value of θK1 ,
can be dramatically changed under variation of new-physics parameters.
PACS numbers: 13.20.He, 14.40.Ev, 13.20.-v,12.60.-i
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TABLE I: Experimental status of branching fractions (in units of 10−6) for the decays B →
K∗(892)γ, K1(1270)γ,K1(1400)γ and B → K∗(892)ℓ+ℓ− [1].
Mode Exp.(Average) Ref. Mode Exp.(Average) Ref.
K∗+(892)γ 40.3 ± 2.6 [2, 3, 4] K∗0(892)γ 40.1 ± 2.0 [2, 3, 4]
K+1 (1270)γ 43± 12 [5] K01 (1270)γ < 58 [5]
K+1 (1400)γ < 15 [5] K
0
1 (1400)γ < 15 [5]
K∗+(892)e+e− 1.23+0.69−0.62 [6, 7] K
∗0(892)e+e− 1.11+0.30−0.26 [6, 7]
K∗+(892)µ+µ− 0.78+0.56−0.44 [6, 7] K
∗0(892)µ+µ− 0.98+0.22−0.21 [6, 7]
I. INTRODUCTION
b→ s transitions in semileptonic and radiative B meson decays contain rich phenomena
relevant to the standard model (SM) and new physics (NP). Semileptonic and radiative
B decays involving a vector or axial vector meson have been observed by BABAR, Belle
and CLEO (see Table I). The rare flavor-changing neutral-current processes, b → sℓ¯ℓ,
which proceed through the electroweak-penguin and weak-box diagrams in the SM, may
provide a hunting ground to search for the NP effects. For B → K∗(892)ℓ+ℓ− decays,
the forward-backward asymmetry has been measured by BABAR [7] and Belle [8]. Very
recently, BABAR [9, 10, 11] has reported the measurements for the longitudinal polarization
fraction and forward-backward asymmetry (FBA) of B → K∗(892)ℓ+ℓ−, and for the isospin
asymmetry of B0 → K∗0(892)ℓ+ℓ− and B± → K∗±(892)ℓ+ℓ− channels. The data may
hint at the flipped sign(s) of the Wilson coefficients, e.g., the flipped sign of ceff7 related to
the magnetic dipole operator. To extract the moduli and arguments of the effective Wilson
coefficients, it is important to measure various observables in different inclusive and exclusive
rare processes. These should be considerably improved at LHCb.
The radiative B decay involving the K1(1270), the orbitally excited (P -wave) state,
is recently observed by Belle and other radiative and semileptonic decay modes involving
K1(1270) and K1(1400) are hopefully expected to be seen soon. Some studies for B →
K1ℓ
+ℓ− have been made recently [12, 13, 14]. Just like B → K∗(892)ℓ+ℓ− decays [15, 16,
2
17, 18, 19, 20, 21, 22], B → K1ℓ+ℓ− decays can offer the good probe to the NP, and are
much more sophisticated due to the mixing of the K1A and K1B, which are the 1
3P1 and
11P1 states, respectively. The physical K1 mesons are K1(1270) and K1(1400), described by( |K1(1270)〉
|K1(1400)〉
)
= M
( |K1A〉
|K1B〉
)
, with M =
(
sin θK1 cos θK1
cos θK1 − sin θK1
)
. (1)
The magnitude of θK1 was estimated to be |θK1 | ≈ 34◦ ∨ 57◦ in Ref. [23], 35◦ . |θK1 | . 55◦
in Ref. [24], and |θK1 | = 37◦ ∨ 58◦ in Ref. [25]. Nevertheless, the sign of the θK1 was not yet
determined in these studies. From the study for B → K1(1270)γ and τ → K1(1270)ντ , we
recently obtain [26]
θK1 = −(34± 13)◦, (2)
where the minus sign of θK1 is related to the chosen phase of |K1A〉 and |K1B〉. We adopt
the following conventions [26]: fK1A > 0 and f
⊥
K1B
> 0, which are defined by
〈0|ψ¯γµγ5s|K1A(P, λ)〉 = −ifK1AmK1Aε(λ)µ ,
〈0|ψ¯σµνs|K1B(P, λ)〉 = if⊥K1Bǫµναβεα(λ)P β, ψ ≡ d, u. (3)
Within the SM, we have predicted [26]
B(B− → K−1 (1270)γ) = (66+50−30)× 10−6
( mb.pole
4.90 GeV
)2
, (4)
B(B− → K−1 (1400)γ) = (6.5+12.8− 6.3)× 10−6
( mb.pole
4.90 GeV
)2
, (5)
where mb,pole is the pole mass of the b quark. In the present paper, we study the observables
for B → K1ℓ+ℓ− decays, including the dilepton mass spectra, decay rates and forward-
backward asymmetries. We further show that the mixing angle θK1 can be determined
from the B → K1ℓ+ℓ− decays. In addition to the study of the θK1, we also investigate
the model-independent new-physics corrections to the Wilson coefficients ceff7 , c9 and c10.
The new-physics parameters can be well constrained by the measurement of B → K1ℓ+ℓ−
forward-backward asymmetry (FBA), where the position of the FBA zero depends very
weakly on the value of the θK1 . Hence, the position of zero of the differential FBAs depends
on the underlying new physics corrections.
This paper is organized as follows. In Sec. II we introduce the effective Hamiltonian
and effective operators therein. In Sec. III, we give the definitions for B → K1(1270) and
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TABLE II: The Wilson coefficients ci(µ) at the scale µ = mb,pole in the SM. Here c
eff
7 ≡ c7− 13c5−c6.
c¯1 c¯2 c¯3 c¯4 c¯5 c¯6 c
eff
7 c9 c10
+1.107 −0.248 −0.011 −0.026 −0.007 −0.031 −0.313 4.344 −4.669
B → K1(1400) form factors. In Sec. IV, we formulate the B → K1ℓ+ℓ− decays and discuss
determination of the θK1 in details. In Sec. V, we estimate the NP effects in the model-
independent way. We summarize the main results in Sec. VI.
II. THE EFFECTIVE HAMILTONIAN
Neglecting doubly Cabibbo-suppressed contributions, the effective weak Hamiltonian rel-
evant to b→ sℓ+ℓ− is given by
Heff = −4GF√
2
VtbV
∗
ts
10∑
i=1
ci(µ)Oi(µ) , (6)
where the Wilson operators Oi for i = 1, · · · , 10 read [27]
O1 = (s¯αγµLcα)(c¯βγ
µLbβ), O2 = (s¯αγµLcβ)(c¯βγ
µLbα),
O3 = (s¯αγµLbα)
∑
q(q¯βγ
µLqβ), O4 = (s¯αγµLbβ)
∑
q(q¯βγ
µLqα),
O5 = (s¯αγµLbα)
∑
q(q¯βγ
µRqβ), O6 = (s¯αγµLbβ)
∑
q(q¯βγ
µRqα),
O7 =
emb
16π2
s¯σµνRbFµν ,
O9 =
αem
4π
(ℓ¯γµℓ)(s¯γ
µLb), O10 =
αem
4π
(ℓ¯γµγ5ℓ)(s¯γ
µLb), (7)
with L = (1−γ5)/2, R = (1+γ5)/2, and α, β being the SU(3) color indices. The b→ sℓ+ℓ−
decay amplitude is given by
M(b→ sℓ+ℓ−) = GF√
2
αem
π
V ∗tsVtb
{
ceff9 (sˆ)[s¯γµLb][ℓ¯γ
µℓ] + c10[s¯γµLb][ℓ¯γ
µℓ]
−2mˆbceff7
[
s¯iσµν
qˆν
sˆ
Rb
]
[ℓ¯γµℓ]
}
, (8)
where mˆb ≡ m¯b/mB with m¯b = m¯b(m¯b) being the b quark mass in the MS scheme, sˆ =
q2/m2B, qµ = (p++ p−)µ with p± being momenta of the leptons ℓ
±. To next-to-leading order
4
the running MS and pole b-quark masses are related by
mb(µ) = mb,pole
[
1− αs(µ)CF
4π
(
4− 3 ln m
2
b,pole
µ2
)
+O(α2s)
]
, (9)
where CF = (N
2
c −1)/(2Nc) with Nc being the number of colors. In Eq. (8) we have neglected
O(ms/mb) corrections. ceff9 (sˆ) = c9 + Y (sˆ), where Y (sˆ) = Ypert(sˆ) + YLD contains both the
perturbative part Ypert(sˆ) and long-distance part YLD(sˆ). Y (sˆ)pert is given by [28]
Ypert(sˆ) = g(mˆc, sˆ)c0
−1
2
g(1, sˆ)(4c¯3 + 4c¯4 + 3c¯5 + c¯6)− 1
2
g(0, sˆ)(c¯3 + 3c¯4)
+
2
9
(3c¯3 + c¯4 + 3c¯5 + c¯6), (10)
with c0 ≡ c¯1 + 3c¯2 + 3c¯3 + c¯4 + 3c¯5 + c¯6, (11)
and the function g(x, y) defined in [28]. Here c¯1 – c¯6 are the Wilson coefficients in the
leading logarithmic approximation. The relevant Wilson coefficients are collected in Table II
[15, 27]. Y (sˆ)LD involves B → K1V (c¯c) resonances [29, 30, 31], where V (c¯c) are the vector
charmonium states. We follow Refs. [29, 30] and set
YLD(sˆ) = − 3π
α2em
c0
∑
V=ψ(1s),···
κV
mˆV B(V → ℓ+ℓ−)ΓˆVtot
sˆ− mˆ2V + imˆV ΓˆVtot
, (12)
where ΓˆVtot ≡ ΓVtot/mB and κV = 2.3. The relevant properties of vector charmonium states
are summarized in Table III.
III. B → K1(1270) AND B → K1(1400) FORM FACTORS
The B(pB)→ K1(pK1, λ) form factors are defined by
〈K1(pK1, λ)|ψ¯γµ(1− γ5)b|B(pB)〉
= −i 2
mB +mK1
ǫµνρσε
∗ν
(λ)p
ρ
Bp
σ
K1
AK1(q2)
−
[
(mB +mK1)ε
(λ)∗
µ V
K1
1 (q
2)− (pB + pK1)µ(ε∗(λ) · pB)
V K12 (q
2)
mB +mK1
]
+2mK1
ε∗(λ) · pB
q2
qµ
[
V K13 (q
2)− V K10 (q2)
]
, (13)
〈K1(pK1, λ)|ψ¯σµνqν(1 + γ5)b|B(pB)〉
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TABLE III: Masses, total decay widths and branching fractions of dilepton decays of vector char-
monium states [32].
V Mass[ GeV] ΓVtot[MeV] B(V → ℓ+ℓ−)
J/Ψ(1S) 3.097 0.093 5.9 × 10−2 for ℓ = e, µ
Ψ(2S) 3.686 0.327 7.4 × 10−3 for ℓ = e, µ
3.0 × 10−3 for ℓ = τ
Ψ(3770) 3.772 25.2 9.8 × 10−6 for ℓ = e
Ψ(4040) 4.040 80 1.1 × 10−5 for ℓ = e
Ψ(4160) 4.153 103 8.1 × 10−6 for ℓ = e
Ψ(4415) 4.421 62 9.4 × 10−6 for ℓ = e
= 2TK11 (q
2)ǫµνρσε
∗ν
(λ)p
ρ
Bp
σ
K1
−iTK12 (q2)
[
(m2B −m2K1)ε(λ)∗µ − (ε∗(λ) · q)(pB + pK1)µ
]
−iTK13 (q2)(ε∗(λ) · q)
[
qµ − q
2
m2B −m2K1
(pK1 + pB)µ
]
, (14)
where q ≡ pB − pK1, γ5 ≡ iγ0γ1γ2γ3, ǫ0123 = −1, and ψ ≡ d, s. The form factors satisfy the
following relations,
V K13 (0) = V
K1
0 (0), T
K1
1 (0) = T
K1
2 (0),
V K13 (q
2) =
mB +mK1
2mK1
V K11 (q
2)− mB −mK1
2mK1
V K12 (q
2). (15)
Because the K1(1270) and K1(1400) are the mixing states of the K1A and K1B, the B → K1
form factors can be parametrized by( 〈K1(1270)|s¯γµ(1− γ5)b|B〉
〈K1(1400)|s¯γµ(1− γ5)b|B〉
)
= M
( 〈K1A|s¯γµ(1− γ5)b|B〉
〈K1B|s¯γµ(1− γ5)b|B〉
)
, (16)
( 〈K1(1270)|s¯σµνqν(1 + γ5)b|B〉
〈K1(1400)|s¯σµνqν(1 + γ5)b|B〉
)
= M
( 〈K1A|s¯σµνqν(1 + γ5)b|B〉
〈K1B|s¯γµνqν(1 + γ5)b|B〉
)
, (17)
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with the mixing matrix M being given in Eq. (1). Thus the form factors AK1 , V K10,1,2 and
TK11,2,3 satisfy following relations:(
AK1(1270)/(mB +mK1(1270))
AK1(1400)/(mB +mK1(1400))
)
= M
(
AK1A/(mB +mK1A)
AK1B/(mB +mK1B)
)
, (18)
(
(mB +mK1(1270))V
K1(1270)
1
(mB +mK1(1400))V
K1(1400)
1
)
= M
(
(mB +mK1A)V
K1A
1
(mB +mK1B)V
K1B
1
)
, (19)
(
V
K1(1270)
2 /(mB +mK1(1270))
V
K1(1400)
2 /(mB +mK1(1400))
)
= M
(
V K1A2 /(mB +mK1A)
V K1B2 /(mB +mK1B)
)
, (20)
(
mK1(1270)V
K1(1270)
0
mK1(1400)V
K1(1400)
0
)
= M
(
mK1AV
K1A
0
mK1BV
K1B
0
)
, (21)
(
T
K1(1270)
1
T
K1(1400)
1
)
= M
(
TK1A1
TK1B1
)
, (22)
(
(m2B −m2K1(1270))T
K1(1270)
2
(m2B −m2K1(1400))T
K1(1400)
2
)
= M
(
(m2B −m2K1A)TK1A2
(m2B −m2K1B)TK1B2
)
, (23)
(
T
K1(1270)
3
T
K1(1400)
3
)
= M
(
TK1A3
TK1B3
)
, (24)
where we have assumed that pµK1(1270),K1(1400) ≃ p
µ
K1A
≃ pµK1B . For the numerical analysis, we
use the light-cone sum rule (LCSR) results for the form factors [33, 34] which are exhibited
in Table IV, where the momentum dependence is parametrized in the three-parameter form:
F (q2) =
F (0)
1− a(q2/m2B) + b(q2/m2B)2
. (25)
IV. B → K1ℓ+ℓ− DECAYS IN THE SM
The decay amplitude for B → K1ℓ+ℓ− which is analogous to the B → K∗(892)ℓ+ℓ− decay
[15] is given by
M = GFαem
2
√
2π
V ∗tsVtbmB · (−i)
[T (K1),1µ ℓ¯γµℓ+ T (K1),2µ ℓ¯γµγ5ℓ] , (26)
where
T (K1),1µ = AK1(sˆ)ǫµνρσε∗ν pˆρB pˆσK1 − iBK1(sˆ)ε∗µ
7
TABLE IV: Form factors for B → K1A,K1B transitions obtained in the LCSR calculation [33, 34]
are fitted to the 3-parameter form in Eq. (25).
F F (0) a b F F (0) a b
V BK1A1 0.34 ± 0.07 0.635 0.211 V BK1B1 −0.29+0.08−0.05 0.729 0.074
V BK1A2 0.41 ± 0.08 1.51 1.18 V BK1B2 −0.17+0.05−0.03 0.919 0.855
V BK1A0 0.22 ± 0.04 2.40 1.78 V BK1B0 −0.45+0.12−0.08 1.34 0.690
ABK1A 0.45 ± 0.09 1.60 0.974 ABK1B −0.37+0.10−0.06 1.72 0.912
TBK1A1 0.31
+0.09
−0.05 2.01 1.50 T
BK1B
1 −0.25+0.06−0.07 1.59 0.790
TBK1A2 0.31
+0.09
−0.05 0.629 0.387 T
BK1B
2 −0.25+0.06−0.07 0.378 −0.755
TBK1A3 0.28
+0.08
−0.05 1.36 0.720 T
BK1B
3 −0.11 ± 0.02 −1.61 10.2
+iCK1(sˆ)(ε∗ · pˆB)pˆµ + iDK1(sˆ)(ε∗ · pˆB)qˆµ, (27)
T (K1),2µ = EK1(sˆ)ǫµνρσε∗ν pˆρB pˆσK1 − iFK1(sˆ)ε∗µ
+iGK1(sˆ)(ε∗ · pˆB)pˆµ + iHK1(sˆ)(ε∗ · pˆB)qˆµ, (28)
with pˆ = p/mB, pˆB = pB/mB, qˆ = q/mB and p = pB + pK1, q = pB − pK1 = p+ + p−. Here
AK1(sˆ), · · · ,HK1(sˆ) are defined by
AK1(sˆ) = 2
1 + mˆK1
ceff9 (sˆ)A
K1(sˆ) +
4mˆb
sˆ
ceff7 T
K1
1 (sˆ), (29)
BK1(sˆ) = (1 + mˆK1)
[
ceff9 (sˆ)V
K1
1 (sˆ) +
2mˆb
sˆ
(1− mˆK1)ceff7 TK12 (sˆ)
]
, (30)
CK1(sˆ) = 1
1− mˆ2K1
[
(1− mˆK1)ceff9 (sˆ)V K12 (sˆ) + 2mˆbceff7
(
TK13 (sˆ) +
1− mˆ2K1
sˆ
TK12 (sˆ)
)]
,
(31)
DK1(sˆ) = 1
sˆ
[
ceff9 (sˆ)
{
(1 + mˆK1)V
K1
1 (sˆ)− (1− mˆK1)V K12 (sˆ)− 2mˆK1V K10 (sˆ)
}
−2mˆbceff7 TK13 (sˆ)
]
, (32)
EK1(sˆ) = 2
1 + mˆK1
c10A
K1(sˆ), (33)
FK1(sˆ) = (1 + mˆK1)c10V K11 (sˆ), (34)
GK1(sˆ) = 1
1 + mˆK1
c10V
K1
2 (sˆ), (35)
HK1(sˆ) = 1
sˆ
c10
[
(1 + mˆK1)V
K1
1 (sˆ)− (1− mˆK1)V K12 (sˆ)− 2mˆK1V K10 (sˆ)
]
, (36)
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TABLE V: Input parameters
B meson mass and lifetimes [32]
mB = 5.279GeV, τB− = 1.638 × 10−12 sec, τB0 = 1.530 × 10−12 sec
Axial vector meson masses [GeV]
mK1(1270) = 1.272 [32], mK1(1400) = 1.403 [32], mK1A = 1.31 [35], mK1B = 1.34 [35]
CKM matrix elements
|VtbV ∗ts| = 0.0407+0.0009−0.0008 [36]
b quark mass [GeV]
mb,pole = 4.8± 0.2
Gauge couplings and the parameter for the B meson distribution amplitude
αem = 1/129, αs(µh) = 0.3, λ
−1
B,+ = 3± 1GeV−1 [16]
K1 decay constants [MeV] [35]
f
‖
K1A
= 250 ± 13, f⊥K1B [1GeV] = 190± 10
Gegenbauer moments at the scale 2.2GeV [35]
aK1A,⊥0 = 0.24
+0.03
−0.21, a
K1A,⊥
1 = −0.84± 0.37, aK1A,⊥2 = 0.01 ± 0.15,
aK1B ,⊥1 = 0.25
+0.00
−0.26, a
K1B ,⊥
2 = −0.02± 0.17
with mˆK1 = mK1/mB. We choose sˆ = qˆ
2 and uˆ ≡ (pˆB − pˆ−)2 − (pˆB − pˆ+)2 as the two
independent parameters, which are bounded as 4mˆ2l ≤ sˆ ≤ (1−mˆK1)2 and−uˆ(sˆ) ≤ uˆ ≤ uˆ(sˆ),
with uˆ(sˆ) ≡√λ (1− 4mˆ2l /sˆ), λ ≡ 1+mˆ2K1+ sˆ2−2sˆ−2mˆ2K1(1+ sˆ). We have uˆ = −uˆ(sˆ) cos θ,
where θ is the angle between the momenta of ℓ+ and the b quark in the center-of-mass frame
of the lepton pair. We will use the parameters given in Tables IV and V in the numerical
analysis.
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A. Dilepton mass spectrum
The dilepton invariant mass spectrum of the lepton pair for the B → K1ℓ+ℓ− decay is
given by
dΓ(B → K1ℓ+ℓ−)
dsˆ
=
G2Fα
2
emm
5
B
210π5
|VtbV ∗ts|2 uˆ(sˆ)×
{∣∣AK1∣∣2
3
sˆλ
(
1 + 2
mˆ2ℓ
sˆ
)
+
∣∣EK1∣∣2 sˆ uˆ(sˆ)2
3
+
1
4mˆ2K1
[∣∣BK1∣∣2(λ− uˆ(sˆ)2
3
+ 8mˆ2K1(sˆ + 2mˆ
2
ℓ)
)
+
∣∣FK1∣∣2(λ− uˆ(sˆ)2
3
+ 8mˆ2K1(sˆ− 4mˆ2ℓ)
)]
+
λ
4mˆ2K1
[∣∣CK1∣∣2(λ− uˆ(sˆ)2
3
)
+
∣∣GK1∣∣2(λ− uˆ(sˆ)2
3
+ 4mˆ2ℓ(2 + 2mˆ
2
K1 − sˆ)
)]
− 1
2mˆ2K1
[
Re
(BK1CK1∗)(λ− uˆ(sˆ)2
3
)
(1− mˆ2K1 − sˆ)
+ Re
(FK1GK1∗)((λ− uˆ(sˆ)2
3
)
(1− mˆ2K1 − sˆ) + 4mˆ2ℓλ
)]
−2 mˆ
2
ℓ
mˆ2K1
λ
[
Re
(FK1HK1∗)− Re (GK1HK1∗) (1− mˆ2K1)]+ mˆ2ℓmˆ2K1 sˆλ
∣∣HK1∣∣2}. (37)
The differential decay rates dB(B− → K−1 µ+µ−)/ds ≡ τB− × dΓ(B → K−1 µ+µ−)/ds are
plotted in Fig. 1. To illustrate the dependence on θK1, we plot the distributions for the
differential decay rates with θK1 = −34◦, −45◦ and −57◦, respectively. The effects of
charmonium resonances become large for the large region with s & 5GeV2. We find that in
the low s region, where s ≈ 2GeV2, the differential decay rate for B → K1(1400)µ+µ− with
θK1 = −57◦ is enhanced by about 80% compared with that with θK1 = −34◦, whereas the
rates for B → K1(1270)µ+µ− is not so sensitive to variation of θK1 . One should note that
the distribution in the low s region is dominated by the 1/s term arising from B → K1γ; for
instance, for the B → K1(1270)µ+µ− decay, it results in the peak at s ∼ 4m2ℓ (or exactly at
s = 0) and contributes about −30% at around s = 2GeV2 for −57◦ < θK1 < −34◦.
Furthermore, the value of θK1 can be well determined from the following ratio of the
distributions,
RdΓ/ds,µ ≡ dΓ(B
− → K−1 (1400)µ+µ−)/ds
dΓ(B− → K−1 (1270)µ+µ−)/ds
. (38)
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FIG. 1: The dilepton invariant mass distributions for differential decay rates dB(B− →
K−1 µ
+µ−)/ds in the SM. The central values of inputs are used. The solid, dotted and dashed
curves correspond to θK1 = −34◦, −45◦, −57◦, respectively. The thick (blue) [thin (red)] curves
correspond to values with [without] resonant corrections.
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In Fig. 2, we plot the RdΓ/ds,µ as a function of s, which is highly insensitive to the resonance
contributions and form factors. When the magnitude of θK1 is increased, this ratio peaks at
about s = 1.5GeV2 (for θK1 & 40
◦).
B. Branching fractions
In Table VI, we summarize the predictions for branching fractions corresponding to θK1 =
−(34 ± 13)◦. The branching fractions for B → K1e+e− and B → K1µ+µ− are close to
B → K∗(892)e+e−, B → K∗(892)µ+µ− given in [15]. On the other hand, the branching
fractions for B → K1τ+τ− decays are very small since the allowed phase space is quite
narrow. In Fig. 3, we plot the non-resonant branching fractions Bnr(B− → K−1 ℓ+ℓ−) as
functions of θK1 . For the range of θK1 = −(34± 13)◦, we obtain Bnr(B → K1(1270)ℓ+ℓ−)≫
11
FIG. 2: The ratio of the decay distributions, RdΓ/ds,µ (see the text), as a function of the dimuon
invariant mass s. The legends are the same as in Fig. 1.
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FIG. 3: Non-resonant branching fractions Bnr(B− → K−1 ℓ+ℓ−) as functions of θK1 . (a) The thick
solid, thick dashed, thin solid and thin dashed curves correspond to the decays B → K1(1270)e+e−,
K1(1400)e
+e−, K1(1270)µ
+µ− and K1(1400)µ
+µ−, respectively. (b) The solid and dashed curves
correspond to B → K1(1270)τ+τ−, B → K1(1400)τ+τ−, respectively. The vertical lines indicate
the allowed range of θK1 given in Eq. (2) [26].
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Bnr(B → K1(1400)ℓ+ℓ−). It should be helpful to define the ratio,
Rℓ,nr ≡ Bnr(B → K1(1400)ℓ
+ℓ−)
Bnr(B → K1(1270)ℓ+ℓ−) . (39)
We show Rℓ,nr as functions of the θK1 in Fig. 4. These ratios sensitively depend on θK1, and
are smaller than 0.15 for −47◦ ≤ θK1 ≤ −21◦. We predict
Re,nr = 0.04
+0.01+0.11
−0.01−0.02, Rµ,nr = 0.03
+0.01+0.09
−0.01−0.01, Rτ,nr = 0.02
+0.01+0.07
−0.00−0.02, (40)
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TABLE VI: Predictions for the non-resonant branching fractions Bnr(B → K1ℓ+ℓ−). The first
and second errors come from the uncertainty of the form factors and of the θK1 within the allowed
region [26], respectively.
Mode Bnr × 106 Mode Bnr × 106
B− → K−1 (1270)e+e− 2.7+1.5+0.0−1.2−0.3 B0 → K01(1270)e+e− 2.5+1.4+0.0−1.1−0.3
B− → K−1 (1270)µ+µ− 2.3+1.3+0.0−1.0−0.2 B0 → K01(1270)µ+µ− 2.1+1.2+0.0−0.9−0.2
B− → K−1 (1270)τ+τ− 0.08+0.04+0.00−0.03−0.01 B0 → K01(1270)τ+τ− 0.08+0.04+0.00−0.03−0.01
B− → K−1 (1400)e+e− 0.10+0.03+0.25−0.03−0.05 B0 → K01(1400)e+e− 0.09+0.03+0.23−0.03−0.04
B− → K−1 (1400)µ+µ− 0.06+0.02+0.18−0.01−0.02 B0 → K01(1400)µ+µ− 0.06+0.02+0.18−0.01−0.02
B− → K−1 (1400)τ+τ− 0.001+0.000+0.005−0.000−0.001 B0 → K01(1400)τ+τ− 0.001+0.000+0.005−0.000−0.001
FIG. 4: Rℓ,nr ≡ Bnr(B → K1(1400)ℓ+ℓ−)/Bnr(B → K1(1270)ℓ+ℓ−) as functions of θK1 . The solid,
dashed and dot-dashed curves correspond to Re,nr, Rµ,nr and Rτ,nr, respectively. The allowed range
of θK1 given in Eq. (2) [26] is also shown.
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where the first and second errors correspond to the uncertainties of the form factors and
θK1 , respectively. In Fig. 6, we will further show that the ratio Rµ,nr is highly insensitive to
the NP corrections.
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C. Forward-backward asymmetry
The differential forward-backward asymmetry of the B → K1ℓ+ℓ− decay is defined by
dAFB
dsˆ
≡
∫ uˆ(sˆ)
0
duˆ
d2Γ
duˆdsˆ
−
∫ 0
−uˆ(sˆ)
duˆ
d2Γ
duˆdsˆ
, (41)
which can be written in terms of quantities in Eqs. (29)-(36) as
dAFB
dsˆ
= −G
2
Fα
2
emm
5
B
210π5
|VtsV ∗tb|sˆuˆ(sˆ)2
{
Re
(BK1EK1∗)+ Re (AK1FK1∗)} , (42)
and, after including the hard spectator correction [16], are given by
dAFB
dsˆ
= −G
2
Fα
2
emm
5
B
28π5
|V ∗tsVtb|2sˆuˆ(sˆ)2 × c10
[
Re(ceff9 (sˆ))A
K1V K11
+
mˆb
sˆ
ceff7
{
AK1TK12 (1− mˆK1) + V K11 TK11 (1 + mˆK1)
}
+
mˆb
sˆ
∆HS
]
, (43)
where ∆HS is the hard spectator correction given by
∆HS =
{
(1 + mˆK1)V
K1
1 + (1− mˆK1)(1− sˆ)AK1
}
× αs(µh)CF
4π
π2
Nc
fBf
⊥
K1
λB,+mB
∫ 1
0
duΦ⊥K1(u)T
(nf)
⊥,+(u), . (44)
Here f⊥K1 and Φ
⊥
K1
(u) are the transverse decay constant and the twist-2 tensor light-cone
distribution amplitude of the K1, respectively. f
⊥
K1(1270)
, f⊥K1(1400) and Φ
⊥
K1(1270)
, Φ⊥K1(1400) are
related with f⊥K1A , f
⊥
K1B
and Φ⊥K1A , Φ
⊥
K1B
by [35](
f⊥K1(1270)
f⊥K1(1400)
)
= M ·
(
f⊥K1Aa
K1A,⊥
0
f⊥K1B
)
, (45)
(
f⊥K1(1270)Φ
⊥
K1(1270)
f⊥K1(1400)Φ
⊥
K1(1400)
)
= M ·
(
f⊥K1AΦ
⊥
K1A
f⊥K1BΦ
⊥
K1B
)
, (46)
where Φ⊥K1A and Φ
⊥
K1B
are expanded as
Φ⊥K1A(u) = 6uu¯
[
aK1A,⊥0 + 3a
K1B,⊥
1 ξ + a
K1B ,⊥
2
3
2
(5ξ2 − 1)
]
, (47)
Φ⊥K1B(u) = 6uu¯
[
1 + 3aK1B,⊥1 ξ + a
K1B ,⊥
2
3
2
(5ξ2 − 1)
]
, (48)
with aK1B ,⊥0 ≡ 1, u¯ ≡ 1 − u and ξ ≡ u − u¯. The values of f⊥K1A, f⊥K1B and the Gegenbauer
moments, aK1,⊥i , are tabulated in Table V.
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In the following, to compare the theoretical predictions with the data, we use the nor-
malized differential forward-backward asymmetry as
dAFB
dsˆ
≡ dAFB
dsˆ
/
dΓ
dsˆ
. (49)
In Fig. 5, the normalized differential forward-backward asymmetries dAFB(B
− →
K−1 µ
+µ−)/ds versus s are plotted. For B → K1(1270)µ+µ− decays, the dependence of
dAFB/ds on θK1 is negligibly small. For θK1 . −45◦, dAFB(B → K1(1400)µ+µ−)/ds almost
vanishes in the region below the J/ψ resonance. We define sK10 to be the position of zero of
the FBA. sK10 satisfies
Re(ceff9 (sˆ
K1
0 ))
ceff ,HS7 (sˆ
K1
0 )
= − mˆb
sˆK10
{
TK12 (sˆ
K1
0 )
V K11 (sˆ
K1
0 )
(1− mˆK1) +
TK11 (sˆ
K1
0 )
AK1(sˆK10 )
(1 + mˆK1)
}
, (50)
which is negative. Here
ceff ,HS7 (sˆ) ≡ ceff7 +
∆HS(sˆ)
AK1(sˆ)TK12 (sˆ)(1− mˆK1) + V K11 (sˆ)TK11 (sˆ)(1 + mˆK1)
. (51)
The position of zero appears below the J/ψ-resonance region and depends weakly on θK1,
especially for B → K1(1270)ℓ+ℓ− as shown in Fig. 5. We obtain the positions of the zeros
of forward-backward asymmetries to be
s
K1(1270)
0 = 2.27
+0.04+0.01
−0.07−0.01GeV
2 and s
K1(1400)
0 = 2.80
+0.23+0.74
−0.29−0.07GeV
2, (52)
where the first and second errors correspond to the uncertainties of the form factors and
θK1(= −(34 ± 13)◦), respectively. In the following section, we will show that, as the B →
K∗(892)ℓ+ℓ− decay, for the B → K1(1270)ℓ+ℓ− decay the position of the zero of the FBA
can be a good observable for searching for new-physics effects.
V. NP EFFECTS
In this section, we study the NP corrections to the B− → K−1 µ+µ− decays in the model-
independent way. As in Ref. [15], we parametrize the NP contributions to the Wilson
coefficients as
ci ≡ cSMi + cNPi = Ri cSMi for ci = ceff7 , c9, c10, (53)
15
FIG. 5: Normalized differential forward-backward asymmetries: (a) dAFB(B
− →
K−1 (1270)µ
+µ−)/ds and (b) dAFB(B
− → K−1 (1400)µ+µ−)/ds. The legends are the same as Fig. 1.
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at the scale mb(mb). For simplicity, we assume all Ri are real. The model-independent
analysis for B → Xsγ and B → Xsℓ+ℓ− [17] gives the following constraints,
0.8 . |R7| . 1.2, 1 . R29 +R210 . 4. (54)
The possibility of flipped sign of ceff7 due to the NP contribution in the minimum supersym-
metric standard model (MSSM) with the minimal flavor violation (MFV) ansatz and with
large tan β has been studied in Ref. [18]. The twofold constraint was given by
− 0.02 ≤ cNP7 ≤ 0.12 or 0.59 ≤ cNP7 ≤ 1.24, (55)
at the weak scale. Further constraints on cNP7 have been obtained with
cNP7 = −0.039± 0.043 ∪ 0.931± 0.016 (68% CL) (56)
= [−0.104, 0.026] ∪ [0.874, 0.988] (95% CL) (57)
in Ref. [37] and
cNP7 = 0.02± 0.047 ∪ 0.958± 0.002 (68% CL) (58)
= [−0.039, 0.08] ∪ [0.859, 1.031] (95% CL) (59)
in Ref. [38]. The sign of Re(ceff7 ) can also be flipped in supersymmetric models with
non-minimal flavor violation via gluino-down-squark loops. Furthermore, in general flavor-
violating supersymmetric models the sign of c9 and c10 can be flipped. Therefore, in the
16
FIG. 6: Rµ,nr = Bnr(B → K1(1400)µ+µ−)/Bnr(B → K1(1270)µ+µ−) as a function of θK1 .
Variations of NP with (R7, R9, R10) = (r, 1, 1), (1, r, 1), and (1, 1, r) are respectively included, where
r = 1.0 (solid), 1.2 (dotted), 0.8 (dot-dashed) and −1.0 (dashed). The vertical lines indicate the
allowed range of θK1 given in Eq. (2) [26].
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present paper, we consider Ri = 1.2 (i.e. 20% enhancement for the SM Wilson coefficients
due to the NP correction), 1.0 (i.e. without the NP correction), 0.8 (i.e. 20% smaller than
the SM Wilson coefficients) and −1.0 (i.e. the Wilson coefficients are in opposite signs but
have the same magnitudes compared to the SM results).
In Fig. 6, the ratio of the non-resonant branching fractions Rµ,nr ≡ Bnr(B →
K1(1400)µ
+µ−)/Bnr(B → K1(1270)µ+µ−), including the NP corrections, as a function of
the value of θK1 is depicted. We show that Rµ,nr is highly insensitive to the NP effect and
thus is suitable for determining the value of θK1 . In Fig. 7, we plot RdΓ/ds,µ, the ratio of
the differential decay rates, as a function of the dimuon invariant mass, s, where the NP
effects are considered. We find that RdΓ/ds,µ is insensitive to variation of R10, whereas its
value is increased (decreased) by about 100% (40%) at about s = 1.5GeV2 corresponding
to θK1 = −34◦ (−57◦) when R7 or R9 equals to −1.
Taking into account the possible NP corrections, we plot dAFB(B
− → K−1 (1270)µ+µ−)/ds
as a function of s in Fig. 8. We do not consider the B− → K−1 (1400)µ+µ− decay, since its
branching fraction is relatively small. As shown in Fig. 5 (see also Fig. 8), the differential
forward-backward asymmetry for B → K1(1270)µ+µ− and its sK1(1270)0 (if existing) are very
insensitive to variation of θK1 . For the cases with c
eff
7 , c9 and c10 of SM-like sign, the change
of the FBA zero owing to variation of NP parameters could be manifest as compared to the
17
FIG. 7: RdΓ/ds,µ, the ratio of the differential decay rates, as a function of the dimuon invariant
mass, s. Variations of R7, R9 and R10 are depicted in (a), (b) and (c) respectively, where the
remaining Ri are set to their SM values. The thick (blue) and thin (red) curves correspond to
θK1 = −34◦ and −57◦, respectively. The solid, dotted, dot-dashed and dashed curves correspond
to Ri = 1.0, 1.2, 0.8 and −1.0, respectively.
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hadronic uncertainties. As is well known in the case of B → K∗(892)ℓ+ℓ−, for the flipped
sign of ceff7 , c9 or c10 the characteristic features of the FBA change dramatically. Because
the asymmetry zero exists only for Re(ceff9 )/c
eff
7 < 0 (see Eq. (50)), therefore there is no
asymmetry zero for (R7, R9) = (±1,∓1) in the spectrum. Flipping the sign of c10 would
change the sign of the FBA. From the above discussions we can conclude that the position
of the FBA zero for the B → K1(1270)ℓ+ℓ− decay is a suitable quantity to constrain the NP
parameters. Recent measurements for B → K∗(892)ℓ+ℓ− decays [8, 9] seem to favor (i) the
flipped sign of ceff7 which is denoted by the dashed curves in Fig. 8(a), or (ii) the simultaneous
flip of the sign of c9 and c10 which are denoted by the double-dot dashed curves in Fig. 8(c).
However, they disfavor the flipped sign(c9c10) models. See also the discussion in Ref. [20].
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FIG. 8: Normalized differential forward-backward asymmetry dAFB(B
− → K−1 (1270)µ+µ−)/ds as
a function of the dimuon invariant mass s. The thick (blue) and thin (red) curves correspond to
the asymmetries with θK1 = −34◦ and −57◦, respectively. In (a), where R9 = R10 = 1.0 (the SM
result), the solid curves are for R7 = 1.0, the dotted for R7 = 1.2, the dot-dashed for R7 = 0.8 and
the dashed for R7 = −1.0. In (b), where R7 = R10 = 1.0 (the SM result), and the solid curves are
for R9 = 1.0, the dotted for R9 = 1.2, the dot-dashed for R9 = 0.8 and the dashed for R9 = −1.0.
In (c), where R7 = R9 = 1.0 and the solid curves are for R10 = 1.0 (the SM result), the dotted
for R10 = 1.2, the dot-dashed for R10 = 0.8 and the dashed for R10 = −1.0. The dAFB/ds with
(R7, R9, R10) = (1.0,−1.0,−1.0), and (−1.0, 1.0,−1.0) are denoted by the double-dot dashed and
long-short dashed curves, respectively, in (c).
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VI. SUMMARY
We have studied the rare decays B → K1ℓ+ℓ− with K1 ≡ K1(1270), K1(1400) and
ℓ ≡ e, µ, τ . The strange axial-vector mesons, K1(1270) and K1(1400), are the mix-
tures of the K1A and K1B, which are the 1
3P1 and 1
1P1 states, respectively. Although
the branching ratios depend on the magnitudes of B → K1 form factors, the K1(1270)–
19
K1(1400) mixing angle, θK1, can be well determined from the measurement of the ra-
tio Rℓ ≡ B(B → K1(1400)ℓ+ℓ−)/B(B → K1(1270)ℓ+ℓ−), which depends very weakly on
new-physics corrections. We have calculated differential forward-backward asymmetries of
B → K1µ+µ− decays. For B → K1(1270)µ+µ−, the asymmetry zero, which depends very
weakly on θK1 , can be dramatically changed due to variation of new-physics parameters.
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